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IDENTIFfERS 
ABSTRACT 

This paiphlet 4^ the sevehth;^^^^ 
discussing the Apollo-Soyuz mission and experiaents. thilj^jpe^^^^ 
designed as a curriculua supplement for secondary and, cdilege 
t.eAcKerSy Supervisors, currifculua specialistSj. textbook writers, and . 
the general public. These booklets provide jsources of idegis, examples 
of the scientific aethod, references to: standard textbooks, . and 
descriptions of space' experiments. , There are nuaerouS diagrfimsr as 
well as question^ for discussion (with answers)' a^J a glossary of 
terms. This booklet djescribes fish in- zero-g, microbial grbwth in 
zero-g, separation of cells by electrophofesist microbes at large in 
the spacecraft, ^d changes in'-astronaut immunity during spaceflight/ 
-■(MA) _ ..^ - I -. '^^..^r . 'i ./ : ■ : . ; ■ 
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'* V from>the original^dcument. ' * 



EKLC 



Apollo- 
Soyuz 

Experiments 
In 

Space 



This is one of a series of nine 
curriculum-related pamphlets 
for Teachers and Students 
of Space Science 

Titles in this series of 
pamphlets include: 



On Tlie Cover 



rJASA LyiKifXi B 



erlC 




Prepared by Lou Williams Page an*Thornton Page. From- 
Investigators' Reports ot.Experimental Resujis anid With> 
the'Helpof Advisingjeachers "* ^ , ' 




\- National Aeronautics arid 
Space Administration 

Washington. D.C. 20546 
October 1977 : 



ERIC 




ApoHo-Soyuz .Jesjt'P^^ flew in July 1975; aroused 

' i considertible public; interest; first, because the space rivals of the late 1950's' 
were working together in a joint, endeavor, aad second, Kfecause 
ir mutual efforts included developing a space.rescue system. The ASTP 
alsp included significant scientific experiments, the . resultirof which can be 
in teaching biology, physics, &nd mathematics in schools and colleges. 
)^ i^is scries of pamphlets'discussing the AppUo-Sloyiiz mission and experi-7 
mipH|is is a set of curriculum supplements^designed for teachers, supervisors,/ 
ycu'^Tipuium specialists, and textbook writers^s well as'for t^e general publici 
'Nejttj^cr textbooks nor courses of study, these pamphlets are intended to 
pipyide a rich source of ideas, examples of the scientific niethod, pertinent^ 
refeipei^ces to standard textbooks,' and clear descriptions^of space ^xpep^iehis. , v 
In a sens^, they may be regarded as a pioneering form ipf teaching aid/ $6ldom 
hils tlbcjbe been such a forthright effort' to provide, directly to teachers,. 
. curncuhim-relevant reports of current scientific research. Hi^hSschqot 

• teachers .who reviewed the texts suggested that advanced «tuderjts:>yh6i 
interesi|^ed might be assigned to study oi^e pamphlet 'and replort on it ,td the|res( 
of the ^€lass/ After class discussion,\students might be * assigned (wim^ 
^cc^ss lp*]he pamphlet) one or more of the '.'Questions fJbr»DiscusSi6nT ^ 
fplinal i(^r ,iitformal answers, thus stressing the applicarion of what wj^s' 
previously covered in the plamphl^^ 

The authbrs of these pamphlets are Dr. I^u Will 
.Dr. Thornton Page, an astronomer. Both have taught ^science at several 
universlties^rid have published 14 t)o6ks on science folrschoojs^colleges^ and 

• the genSral reader, including a re(\entbne*on space science. * * . 

y Teichnic'dil, assistance to the Pa^es was provided by the Apbllo-Soyuz 
Program SQ|enri^^ br._ R. Thomas Giuli,. arid by Richard R. Baldwin,; 
•W. Wilson Lauderdale, andSusanN. Montgomery,iiienf\bersof the group at 
the NASA London B, Johnson Space Center in Houston >yhich organize^'the 
. scientists* pajticipation in the ASTP and published their reports of experimen- 
••.-.•tal results^'ji ■ . . , 

V Selected teachers from high schools andjtaiversities. throughout the United 
Slates reviewed the paipphlets ih/Sraft form. They suggested changes' in 
. wording;^ the Addition of. a glossary of terms unfamiliar to . students, and 
improvenients in diagrams. A Jist of the teachers, and of tTie scientific inves- 
tigators who revfewed t^e taxts for accuracy follows this Preface, y 

This set of ApoUo-Soyuj^^pamphiets was initiated and Coordinated by Dr. 
Frederick B. Tiittle, Director of Educational Programs, and was supported 6k( 
•the^NASA ApoUo-Soyuz Program Office, by Leland J. Casey, Aerospace 
. Engineer for ASTP, and by William D. Nixon, Educational Programs 
OfRefcr, air of NASA Head^arters in Washington, D.C. 



Appreciati^it is expressjpd to wci scientific jnvestigatorsi^^^ teacher$'who 
reviewed the draft copie>;ffe) tji| NASA specialists who pipvided diagnims , 
?and photographs; ^nd to j! Kr; HolcoinJ^,. He^^^ ot ASfP 

operations, and Chester MT-ljei^li^^ASj^ Directbriaf 
.whosrirtterest in;, this educationklo cDde&vor made t his publ jcation pbssipk. 
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B- Sue CriswelU Baylor College of Medicine, Hou§ton, Tex, 

T, M. Dona)^, Universiry^ of Michigan, Ann Aibor, Mich, ' ' 

David W. lEckert, Greater Latrobe Senior Higl^ School, Latrobe, Pa. 

Lyle N. Edge, Blanco High School, Blanco ,#Tex> 

Victor B. Eichler, Wicl\ita State UniWrsity, Wichim? kah^ i . 
. Farpuk El-3az,-^mithsonian Institution; Washington, D.C.^ / " 

p. Jerome Fisher, Emeritus, University bf'Chicago, Phoenix,^z, 

R, X: Giuli, NASA Lyndon'B. Johnston ^fepac? Center; Houston, Tex. 

M. b. Grossi, Smithsonian. Astrbphysical Observatory, Cambridge, Mass, 

Wendy Hindin, North Shore HeT)r^w "Academy, Gre'a} Neck, N.Y^jj^ ' . *' 

Tim C.' ingoldsby, Westside High'School, Omaha; Nebr. 
. Robert H! Johns,. Academy bf .the New Church, Bryn^Althyn, 

D. J. Larson^ Jr., Qnimman Aerospace, lBethpage, N:Y. -a 

M. D. Lind,- Rockwell Inlerp^tiorial Science Center, Thousand Oaks, X!^ilif.^ > 

'R. N. Little, Univfereity of Texas, Austin, Tex. - 

Sarah ^^anly, Wade 'HamptpnWigh School, Green^^ . ^ 

' Kitherin^ Mays, Bay City Independent Schck)l District, Bay City, Tex. . 

Jane M Oppenhcimer, Bryh Mawr College, Bryn Mawr,' Pa. * 

T' J. Pepin, Phiversity of Wyoming, Laramie, Wyo. * * 

H. W. Sicheld, NASA Lyndon B: Jcjhnso© Space Center, Houston, Tex. i 

Seth ShujHlan, Naval Research Laboratory* Washington, ,D.C> ; < • 

:^Jarnes W. Skchan, BostoyiVollege, We . , 

■ B, f. Slater, Jr., Texas EcJm^ . * ' 

"^Robcir S Snyder^ NASA George C. Marshall Space Flight Center. Huntsvill^Ala. 

Jac.qiieline D.; Spears., Port 'Jefferson High School, Port Jefferson Stati6n,*N.Y. 

1l^[^.L. Stevyartv; 

Aleth§rStone,\pulmore. Junior riigh School; Au^^ 
O. R>'Kylor^-J^SA LyndoaB-^iohrlson Space Gentef; ribuston, Tex. 
Jacob Tro^|jka, NASA Robert H/ Goddard Space Flight Center, Greenbeh, Md. . 
pf 0, VonWr^fJASA Robert H. Goddard Space Flight- C!eljiter, (5rc^ Md. i 
. Douglas Winkler, Wade Hampton High School, Greenyill^, Sf.C, ^ ^ 




• — ' " . . ■ ■ . . — — — : — — — T — . . — ' '~ ■ -'^ • ' " ' ■■■ .. • 
Section 1 p Introduction \ ; : . : . .,. . .^^ . W-..^ 1, 

> ; Sectioh,2 ;>/ "Up" aryd:"Dpwn'.' for Fish in Zero-g ^. ... ..... . . . . ^. .A . , . . , .... ;.3 

A. Plan for the MA-16.1 Experiment, Killifish^H^^ • . ./ > 

■ / ^Orientation . ......:.....:....'...,!.,.... ...3 

. : ■ " ■ ,* J ; B/ , Experiment fvft\-i61 on'Apbllo-Soyi;iz . . :. .> . .--. . .;i..^r^; . . . : : ... . .7- 
,:/ ^C.; Postf|lghtMA-161 T^sts and Dissections .... 1.7: 

\ - ; ■- r - D. Questions for Discussion (Fish in ZerQig) . . ].. . . . . : : : . ..V. . 10 

' . ' ■ " , , ' • : ; ■: : — ' ; — [\ 

S0ctipn 3^ . Microbial Growth in Zero-g; Change in Biorhythm^'*,. . . . .•: .. . . "> . . • . J,li 
<• ' A.^ Zone-Forming'Fungi Cultures ... : : . . . . / . i : . . . : . . : . 1 1 

ExperimenfcMA-147 Results: Mic 
C. 'Questions for Discussion (Fungi, Spores) 17 

■ ' ■ ■ : ■ . - , - , ... : . — 7-^' 

Section 4 \ Separation of Cells by Electrophoresis . : . . . . . . /. . . . . y.;. ,. . . ... 19 

/'. ' A. Difficulties Caused by Gravity . .^.'. . 20 

^- \ . ..W '^ B. Experiment MA-011, Electrophoresis Technology .. — /. '. . .?2 

> ,'fs:v''- C. Experiment MA-011 Results . .^,^V. . .. . .22. 

v^"v^,,[ D. " Experiment MA-014, Free-Flow Electrophorissis . : . . . .... .'. 25 

^ ; ^ E. Questions for Discussion (Ei.ectrophoresis) /. . . . . ... . . : . . . . . . . . . . 25 

Section 5 ' ' Microbes at Large in the Spacecraft . . . . , .f . ; .... . . . . . 27 

. .. . ' vA. Joint Experiment AR-002,: Microbial Exchange . . . : . . . . 27- 

V: • B. ■ Experiment AR-p02 Results^..^ ^..^/.^ .•.•••7 ..rSO 

; ' ' • ;•, C.^ Questions for Discussion -(lyiicrobes, Immunity) . .' — ; . . . . : . .33 

• \ \' - . V . — ' '. • ■ . : ; ■ : ' . ■. 

. Sect^n 6 I ; T Changes in Astronaut Immunity During-Spaceflight — 35 

; y ' l/C" Experiment*M^Ar032,. Polymorphonuclear Leukocytes.. . . . .35 

. • . - >;,:' ; B.' Experiment MA-031, Cellular Immune Response ...... . . . .. .36 

. * '! , C.\ Questions for Discussion (Leukocytes and Lymphocytes) . . .-. — 37 

"'^—^ — — '.. :r''^- ■ ^ ' '' — — — . ■ ' . — — - — ^- — . ' \. 

;X^^Appendix A , .Discussion Topics (Answers to Quesfk)n^. , ....... .vc . . . . ... 38 

; . Apj)end'ix^B ,|SJ Units and Powers of. 10 ... ! . . . .\ 41 

■ " ■ — • ' ■ - • • . ' ■ • ^' — ^ — " — — — "-^^^r. 

V Appendix C - . - Glossary ..... . . 

\ ^ ■ ' ^y ' — ^ — — — ^ — , • ' •■ v: ' ' ■ 

Appendix D . Further Reading ..... .. .. ... — — — — ..^........^........49 



Tables and Figures 



■ f - ' 



'4 



.■1 • •■ A. 



.l^ible 2.1 
22 



MA-161 ExperirTTent Packages ...... ; . ... . .;. . .". . , . . 

Times for 75 Percent of Mirinow Eggs to Hgtch . : 



Figure 2.1 
,2.2 



Minnows in Rotating Drums . . . ... ... . . 

■ MA- 1.61 Experiment Package" Fish^an chEg^ Packets 



Figure 3.1 

i.2 

. 3^3 
/• 3.4 
3.5 



^ Postflight Photographs olStreptomyces levbris 

/^ Cultures in^the U.S.S.R. ; . . 

pPostflight-PhptOgraphs of Streptom'yces lev^^ris ' • 

'Cultures in the United States 

Experiment MA-147 Temperature Chanel's Ddftn^-^the Flight 



Streptomyces /evo/'/s 'Growth Rates . . 

Double Rings of Streptomyces /evoWs Scores 



Figure 4.1 
4.2 

44 

4.5 
4.6 



. Static-Column Electrophoresis and Separation Bands 
Free-Flow Electroplidresis . . ..... . .1.1. . . . ^ . . 

MAcOILEIectrophoresis Unit With, Camera .1 . . . . 

MA-011 Electrophoresis Plug-In Static Colurjnn ....... 

Flight Photpgra!ph of MA-01 1 Column 5 . . .1 j, ..... . 

MA-014 Free-Flow. Separation in-Zero-g : , . j ^. .. . "i. . 



Figure 5.t 

5,2 

5.3 



Experiment AR-002 Swab ... ....... . . . . . . 

• Number of Bacteria in Skin Swabs From the! Apbllo-Soyuz ' 

^Crewmemlpers :■. . . ■[ . . . .■ . . . . . . . . . . [ ,. . . : ' . . : 

Number of Bacteria in Sw^s'^ Frohn Exposed Spacecraft . 

Surfaces .;. . i . . , . . . . . 

Number of HaemopA?//us Cells in Astronauts? Oral Cavities 



After 4 years of preparation byVthe U,^;'> National Aeronautics and Space 
Admiriistratipn (NASA) and theU,S,S.R, Academy of Sciences, the'Apollo, 
andSoyuzspacecraft were launclred on July 15, 1975. Two days later at 16:09 
Greenwidimean'tinie on Jply 17, after Apollo maneuvered into the same orbft 
as Soyuz, the two spiacecraft were docke<^. The astronailts and cosmonauts 
then niet'for the fir^t international handshake in space, ?ind each crew enter- / 
tained the other crew (one at a time) at a meal of typical American or Russian' 
food. These activities and the physics of reaction nibtors, orbits around the 
Earth, and weightlessness (zero-g) are described more fully in Panip)ilet I, 
-The Spacecraft, The^r Orbits, and Docking"' (EP-l33)> y 
, Thirty-four experiinents were perfonned while Apollo and So^^ in . 
orbit: 23 by astrofiauts, 6 by cos^nauts, and 5 jointly . These experiments in 
iSpace wer^'selected from 161 proposals from scientist^: in nine different 
countries. They are listed by number in Pamphlet I, and groups of two or more 
are described in detail in Pamphlets 11 through ik (EP-134 through fiP-141,. 
respectively)! Each experimiSnt was directed by a Principal Investigator, 
assisted by several Co-Investigators^ and the detailed scientific results have 
been published by NASA in two reports; th^ Apollc^pyuz Test Ftoject 
Preliminary Science Report (NASA TM X-58 173) and the^Apolld'-Soyuz Test 
Project Summary Science Report (NASA SP-412). The simplified accounts 
given in these pamphlets have been reviewed by the iSrincipal Investigators or 
one of the'Co;Investigators. ^ - . \, ' : . 

< For biological experiments, the inajor adviantage in the Apollo-Soy uz 
spacecraft was weightlessness, or zero-g. Ariotlier feature that made the 
spacecraft different froin'" ground-based laboratories was the dosmic-ray 
*flux— a bombardment of high-;energy ions, discussed in Paniphlet VI. Ze^o-g^, 
was known to affect hiynans in several ways. How would it affect smaller 
living organisms? How could it be used to improve biological techniques? In 
/addition, the small, sealed spaces where thc^ree astronauts and two cos- 
monauts lived for 6 to 9 days provided ideal conditions for experiments with 
the microbes that live in and on human beings. The seven biological experi- 
ments on Apollo-Soyuz all concerned with a larger question: what 
happens to living organisms on long flights in space?> 

Experiment MA-16L Killifish Hatchihg anH^ Orientationr observed the 
effects orzero-g on fish eggs and small fish, Jhe Principal Investigator w^s- 
H. W»s^cheld of the. Baylor College of Medicine in Houston^. Texas. He was 
assisted by 1 1 jCo-^Investi^ors from five universities in the United States and 
one in West Gerniany. . i ^ • . 

Experiment MA-147, Zone-Formipg Fungi, y^SiS a joint American-Soviet 
experiment on the growth rate oT microorganisins in zerb-g. The American 
Principal Investigators were G. R. Taylor, and T. dV Rogers of the NASA 
Lyndon B. Jolin^h Spac^enter (JSC) in HoustonTTexas. The Russia 



Prificipal Investigator \vas.l. G.. Akoev of the Soviet Institute of Biological 

f ysics in Pustjinq, near'Mescow. i . ' 

Experiment MA-OI I , Electrophoresis Technology, tested the static -^olumn 
technique for separating blocJd^cells and kidney cells inrzero-^. the Prfnpipal 
Investigator was R. ^. Allen of the NASA George C. Marshall -Space 
Flight Center (MSFC) in Huntsville, Alabama. -He was assisted by M3 
Co-I«vestigators from. several universities and comtnercjtl corapanies. ' * * 

Experiment MA'0 1 4. Electrophoresis, tfestedjjj^ flfee-dbw electrppl^ 
technique for separating blQpd cells in. zerq-g. The Prini:ipar Investigator, 
. Kc Hannig, and one Co-Invjestigator :were trom t|ip Max Planck^nstitute of 
Biochemistry in Munich^ Gemj^riy; ' 

Experiment AR-002, Microbial £^c)ia^i^, another j^nt experimentr^ 
checked the transfer and multiplication of microbes in Apollo and Soy uz. The. 
'American Principal Inv^srigator W R. Taylor of /SC, who vvas assisted, 
by biologists 'from several U.S. laboriit6jries. The Russian Principal Inves- 
tigator was S. N.Zaloguey of th^ Institute of Biomedical Problems, U.S. S.R. 
Ministry of Health. MoiJcow. - V > 

. Exp'eriment^A-03iT^C^lular Imhtune Resj^se, detected changes in 
astronaut immunity durijig the Apollo-Soyuz. mission. ;The Principal. Invest 
tigator was B. Sue CrisWell of the.Baylor College of Medicin^ in Houston. 

Experiment MA'^032 , fffects of Spaceflight on: Polymorphonuclear 'Le{ikQ- 
cyte Response, checked leukocyfes in fhe astronauts' blood during ahd after 
the mission.Thb Principal Investigator Was R. R. Martin of the Baylor 
College of Medicinp. . . . , \- 

The cosmonauts ^to peiformecl. three biological experiments in which the 
astronauts were not involved <see Pamphlet I) ^ 

(1) l^n experimentton the growth :and mobility, of the* bacteria Prorea 
vulgaris studied the results of adding various nutrients to a culture in zero-g. 

(2) An experiment on the growth of D^anyo l^eri^ fish in zero-g was similar 
to Experiment MA- 16 1.'' ' • ^ * • '/ ' 

\ (3) An experiment on iKe genetic effect of zerp-g on .cell division and 
/kproutjng seeds involved observations of Chlamydomonada zygotes and two 
species of seeds. . ■ ' ' ^ - ^ 

."^ Grouhd-controK spet;imens were n(aintaine<Hfof ajl the Apollo-Soyuz 
^iological experimerits either. in the United SUWesbr the U.S.S.R. orin both; 
countries. , / ^ V 



••Up" arid "Dpwnt' for f feh 
in Zero-^ ^ 



There is 1)6 "up'' and /'dowrv- in an orbitliig^jpacecraft^^^^^ 
Astronauts floac" aipund Vyeightlessly , and walet will ftot^lay in an ordinary 
cup. During the -early; part of a flight? this 25ero-g condition is corifusWg to* 
astronauts and Cosmonauts; but afleraday orsq) they adapub weightlessness. 
' Similar adaptation- w^as /observed in two snlall fish t4ke^ albng on the 
Skylab'3 mission. The fish were curried in seawater iri a plastic bag fasteried\to 
a locker door. During the" firsr'2 or 3 days of weightlessness, they swAi 
rapidly in loops and circles, obviously confused. In their, normal shallow 
wqter On Earth at one-g/these minnows would remain horizontal, With their 
backs up and bellies down. After about 3 days in Skylab, they decided that the 
dark locker dobr was "down" and swam mostly.with their bellies facing the 
door. The minnows. required slightly more time to adapt to zero-g than'the 
astrohauts did. . ' <^ '■ ' ■. ' 

The MA' 1 61 Experipienton Apollo-Soyuz was designed to investigate this 
adaptation further, using the same strain of minnow ("killifish,-' Fundulus 
heterociitus from peaufort. North Carolina) and its unhatchied eggs. This 
particular species of fish has been studied extensively by biologists, and the 
manner bf its development from eggs, into embryos* vs well known. In 
particular, the biologists know at what.time each part embryo starts to 
. develop. One part of importance in this study was the vestibulporgan in each 
ear/which controls an individuafs balance and sense of whii^h.way is doAvn. 
There are three small calcium "earstorieA'' or "otoliths" in the vestibul'a on 
each side of tbi head: They ^start to form 66 hours after the egg is fertilized. . 
The vestibular' organ is developed by 128 hours arid functioning after 216 
hours, After 336 hours (14 (ia^s> the egg hatches, producing a "hatchling"' 
about I centimeter long. The.hatchling is mostly head; the body and^Jtail are' 
very small. Three 6r four weeks later, the new feh is 2 or 3 centimeters long 
and is called a "juvenile.". In another few ntonths, the ^dult minnow is about 
10 centimeters long, fully grown. > 

Plan for the MA-161 Experiment, 
Killifish Hatching and Orient^^^ ^ 

The objective of Eweriment MA:- 16 1 was to discover whether zero-g affects 
the development of an enibryo in'such a way that a minnow, when hatched, is 



»BSCS«Yi Ch! 29; BSCS-B, Ch. 15. (Throughoullhls pamphlet, refcrcnccs^will be given to 
key topics covered in these tWo standard textbooks: "Biological Science: An Inquiry Into Life," 
BiQiogical Sciences Curriculum Study. Yellow Version (BSCS-Y). third edition, Harcourt. 
Bricc, and iovanovich, .1973. and ''Biological Science: Molecules to Man," Biological 
Sciences Curriculum Study, Blue Version (BSCS-B). Houghton Mifflin Co.. I9?3.) 



not confused because there is **no up^or dowrii*' If the development of 
earstones were retarded or somehQ>V changed* the hatchling, would hayp.no 
sense of *'down'^ arid: would rtbt. Jbc confused by zero-g. Scientists also 
suspected that^ zero-g might affect the development of the vestibula arid 
' possibly the little otoliths inside it Formatioii of the otoliths invplves calcium 
deposits in the embryo.* A loss pf cjilcium had previously been observed . in 
^astronauts after long spaceflights, and this effect on Jiumans might be^dupli- 
cated in the development of the fish embryos. 

Because the Apollp-Soyuz flight was only 9 tiays long and Fiindtilus 
heteroclitus (killifish) mipnow eggs take 15 days .or more to hatch, -k vyas 
necessary to fly five batches of eggs, each at a different stage of-developmenl. 
these stagps are listed in table 2.1. The eggS were carried i'rr five separate 
compartments of a plastic bag filled with seawater, Each batch had been 
carefuUyprepared (fertilized at the right time, storecl in seaWatei', and washed 
^ regularly), and there were two equal-sized eoritroj groups, One control group 
(C-I) was flown with t^e flight group to the Apollojaunchjsite at.the NASA 
John F. Kennedy Space Center (KSC) in Florida, where it stayed on the 
ground but werit through the same envirortmerital changes (with the exception 
of weightlessness) as occurred in the cabin atmosphere on ApoHo-Soyuz, A 
second'control. group (G-II) remained in Houston at normal atmosphere 'and 
constant temperature (295 K , 22** C, or 72** F). A smaller coWrol sample was 
killed and 'Tixed" with chemical preservative at the time of lauhch, This 
group recorded the state df-development at launch for each batch of eggs> A 
fourth control group (fc-III) contq^ined five batches of eggs that were*48 hours 
younger than the fjve batches of flight ^ggs. Th^ eggs v^erit'thrbugh the 
launch vibrations in a simulatc^r at JSC 48 hours after the actual launch to test 
the effects of the launch **shakeup." In addition, these C-III eggs were 
subjected to the changes in ti&mperatut^ and pressure experieiiced by the eggs 
in the flight group on Apollo-Soyuz.- . , ♦ / * 

A second plastic bag carried six 2May-oldjuyanile minnows in eachiof 
fiver compartments filled with seawater, as listed irfTable 2.1(b): These five 
batcheji offish had each been preconditioned" by di^ererit visual surround- 
ings. The purpose of this part of the MA- 161 Experiment was to test the 
influence of lig^t on the- minnow's' sense of up-and-down. (The Skylab 
minnows cho.se the dark^abinet door as **down.") Previous experiments in 
one-g on Earth shpwedt that if a brigh't light were directed horizontally at a 
minnow in an otherwise dark pool of water, the minnow would lean about 45** 
toward the light, the minnow e;^pected the light to come from the sky above 
the pool and used its eyes as well as its vestibular sense of up-and-down to 
keep itself upiright. When zero-g eliminated the vestibular sensie, the fish 
adapted to using its eyes only. ' ' ^ ~ • 



Oth^r experiments minnows* orientation in one-g are shown in Figure 
2. 1: Minnpvys vyere put in tHe water inside. alslowly rbtafing drum/pne^t a 
time . The driim had black and white stripes painted on the inside. When the 
drum was vertical, as qn the ^left side of Figure 2. 1 the minnow inside would 
swim along with one of th(^ stripes.. When.the drum was horizontal, as oathe 
right side of Figure 2.1 , the minnow >yould roU or tilt along the direction of 




Minnows in rotiiting drums; In the veiiicai drum, the fish would sWim along 
beside one of the stripes. In the horizontal drum, the fish would roll or tilt in the 
direction. of rotation^ 



rotation. Two batches' (hds- 2 and 3) 6f juvenilp minnows fo^^^^ KiArl61 
Experiment were bnbught up in a striped >yorld, one batch with vertical stripes 
and the other with horizontal stripes. TKeir compartments in the plastic bag 
filled with* seawater were fastened ^o a striped background iit the flight 
package (Fig! 2.2). Another batch (no. 1) was brought up in water tanks with 
white walls', ;and another batch (no. 4) was grown in t^nks with black 
overhead, the fifth batch of fish was blinded just after hatching so thatlheir 



eyes^^oiild not be used to keep themselves upright; 





Experiment'MA'*161,fllght package of fish and egg iMcketa. ThKf Ive pliaMic 
compartments In the top row contained ^0 or 100 eggs each injvaltwater. The 
lower five compartments, with gray* striped, or black ^ckgrounds, contained 
six minnows each. 



Experiment MA-161 on Apollo-Soyuz 



The open flight package with the five compartments of eggs at the top and the 
five compartnients of fish at the bottom is shown in Figure 2^. The striped 
background tan be seen behindfish Compartments 2 and 3. This package was 



fasteneS u^a wall of this Docking Module (DM;, see Pamphlet I),on the'secori.d 
day o£ t|;ie flight. Motion pictures of the fish conmpartments were taken on Day 
2, and Days 6 through 9. An astronaut watched the fish for several 

niiriutes eacj day iafid reported how they were swimming. Ten of the eggs in 
Compartirient 5 hatched dunng flight; Qn Day 9, the astro^^ 
nriinnows to roll with their backs toward a light in^rorg The lights fii the DM 
' .were turned out, and a floodlight was shined oWhe fish cpmpartnylTits at a 45^ 
.ari^e while photogi'aphs were taken. The minnows ia Compa/ments 1 , 2, 
and .3; nbw convinced that the qabin wall was "down,'' refused to roll. 

T^he entire pafikage was returned to the Apollo Command MoaWe (CM; see 
Pam^hlgt^I) and subsequeirtly unloaded on the recovery- ship lliS.S, W^w 
^Orieans^ houfc after splashdown. There the compartments were photo- 
' graphed; ^g^iniEgg Compartment 5 was put in a^^haker, Avhich caused the rest 
of the egg«^o natch, and movies were, taken of the little hatchlings swimming/ 
Then twd ea^h of the eggs, hatchlings, and juveniles in all compartments were 
killed and"^fixed** with cheniical presemtive so th^^ thejrcoiil^ later be 
dissected and examined under nriicroscopes. These sampiles andl the batches of 
live^eggs andTish in new containers filled with fresh seawater were flo\yh to 
JSC in Houston for fiirthar tests. 

The astronauts reported that the juvenile minnows swamjn lgaps and' 
circles early in flight but that most oif thefti seemed to have adapte^o zero-g 
5 or 6 days tater.-'^he'fish in Compartments 2/3, and 4 faced the. wall unless., 
their plsmic bag was disturbed/ The blinded JTish in Cojnpartment .5 and the 
fish in C&mpartment I against the white wall^ontinued to loop, but more 
.\slowly. T/ie 10 hatchlings in egg Compartment 5 sometimes swam in loops: 
; during the flight, but all the fijh swairi normahy when first observed in one-g 
oi| the U.S.S. New Orleans. This shows that their veistibulsir organs were 
' \yorking well. . . .* ; . 

■ . ■ . . ■ ■ . ' ' ■ * ) ' ■ ■' • ^ 

Postfiight MA-161 tests Ihid Dissections 

r^-. ■ - ■ ■■ ■ . / : ■; ■■ '■'^ 

Tests in rotating drums (Fig. 2. 1 ) were be^un oti the U.S^S. New Orleans and 
continued for several days. No change from preflight behavior was observed. 
Twp days^after splashdown, tests Nvith lights were started at JSQ in Houston 
aind continued for several weeks. All these tests included . fish from control 
groups^C-I, C-ir, and C-IH, and the results Nvere carefuliy>analyzed for 
statistic^ differences between the fish lhat had been in zero-g ^nd the fish that 
had remained on the groutid at one-g. No differences were found; il}e fish that 
had Been in zero-g behaved the same as the fish that stayed in ondrg. 

The flight fish seemed to dive frequently and to prefer the deep water in 
their tanks shortly after they arrived bacfif on Earth. This obsefvation was"^ 



cheoked'6 months later by timing each minnow for 2 minutes. in' a 500- 
milliliter glass cylinder filled.'with sfeawa^^^^^^ 

lings were about 35 millimeters lorfg, the'sanie size a^ the fish in the control ■ ' . 

groups. The percentage of time spent in the deep^^ 

was 80 percent f^or the flight fish and 89 ' 
the flight hatchiings spent somewhat moFO^^iiTie in 
gr0und-control fish did. Hatchlings.ftom the/feggs in Compartments 1 to 4 
matchett the cqntrol groups more closely; they sj^ent atK)ut 90 percent of their 

■ tiiiie in the-^eeper water. * ' . ^ . ^ \ ■ ' ' \ • " 

•Several tests were made during short. (25:secoild) periods of zero-g in^ . 
airplanes to verify the Iqoping observed oniApoHo-Spyuz. Both thfe flight fish . T < 
and the control fish looped in about the same way; which shpws. that the fish . x 
an^embryos which had been on A[X)llo-Soyuz for 9 days liad not re^^^^ \ 
adaptation to zerorgiij Instead of looping, sonie minnows ''twi^ted'- durijig^ , . ■ / 
these zero-g tests^that is, they would roll as they swam /searching for the ' r . ^ 
proper belly-d6wni>psitibri'^ . , = . , ' • 

/ The average time frbiii ifertiliiation to hatching is about 21 days for . ^ • 

Fundulus heteroclitu5Cggs\ {ThtrQ i^^^^ . . ' 

of eggs: 21 days is the hatching time for 7^! percent of the eggs.),Table 2.2 " 

V ' Time for 75 Percent of Eggs to Hatch / Table 2.2 \ 




ishows 'ihat th&' three youngest batches .<(f eggs carriecJ.on ApbUo-Soyuz 
hatched at.l5 days, much sooner than ti^ oldest b^tch in Cibmpartment 5 and- 
earlier than the control batches in one-g. App^^ntly, the development 6f 
young eggs was f^ter in zero^g/' 

The scientists dissected aiid examined eggO^mbryois), hatchlings'/ and 
juvemTeYish from both the flight and the control groups. The small otolith 
stmies Were examined with an electron microscope, and no differences 
ere found between the flight and control-^roup samples. Otherparts of the 
developing embryos >yere also examined. The ey^s, heart, nervefs, and bones 
d the vestibula in the ear were found to be the same in the flight group as in 
tlie control-groap. There wa^ no evidence of a calcium deficiency. Except for 
the shorter hatching time, the 9 days of zero<g seems to have hacf no effect on 
Fundulus heteroclitus fnimibws or their eggs. 



Questions for Discussion 

(Fish in Zero-g) / * f . 

1, There was no air ih contact with, the s^water where ^ MA-161 i 
minnows lived for 9 days aboard Apollo-Soyuz, and no food was added. How 
would these factors affect their growth? In analyzing the experiment results, 
how was this effect avoided? • ^ 

: 2. If it. had been possible to put one of the flight minnows from Compart- 
ment 2 into a rotating striped drum on Apoli^.-Soyuz, how do you expect the / 
minnow would have behaved? , 

3, How could zerp-g accelerate the. development of an embryo? 

4. If the vestibular, organs in a minnow were destroyed, what behavior 
would you expect of that mirniow'swiinming in one-g?Jn zer^^^ ^ 



Living;9rgahisms h^vc iiisHiy bU^ rhythms. Th^ iiiOst obvious is 

the day-night circadian period pf24 hoars. The purpose of the joint Experi- 
'iiiervt MA- 147 was io discover wheHher spaceflight conditions, primarily 
weightlessness, would change a )t>iorhythni.that is not circadian— in this caSe, 
the rings produced by the microorganism Streptomyces levoris. 

Zone^Formiiig FuhgP Cultures 

When Streptomyces levorfs \^ "'planted'' in a unifofrrn culture medium^ of. . 
agar,. salts, glucose (sugar), and yeast, it grows outward and forms regular 
rings.or zones of whitish sporeis, as shown iu Fjgures:3: l and^.2. About 3 i 
days after being planted at the center of 'd^tvi dish feept ar3Q0 K (27° C, 8^ 
F),*he colony *s rings are jpfqduced ver^ jregiiiarly at a rale that ^epefuIsWthe^- 
culture nfedium. The medium us^d . by the biologists at JSC. gave a period 
closi^to 24 hours-, ijrhis is not the day-night circadian pericki; if a different 
culture, medium v^ere used, the rings' would form at a^different rate:) If the 
culture TTiedium is uniform and the' temperaTe^re isffeept n<jar.300 K„this 
formation of zones will continue for 2 orO we^As.^lthough the period (time 
from 6ne ring to. the next) lengthens somev/|iat <oward^ t^^^ 

Between BO .and 40 cultures of Streptomyces /^vor/i were prepared in this 
way both in Houston and in Baykonur (the' Soviet, launch 'base for Sayuz) 6 
days before the Apollp-Soyuz missioil. T-hfe U.S. and U.S.S.R, ^scientists 
tried to make these cuhures exactly the same— to start, theiti on a 24-hour 
period using the same culture medium and the same temperature. The starting 
time ('^planting'') was intentionally begun 12 hours earlier in the U;S,S.R.' 
The idea was to exchange the two cultures in orbit to determine whether the 
U.S;S.R. spore rings would get '\ip step" with the. U.S. spore rings in 
Hpuston.after the flight and also whether the U.S. spore rings would later get • 
in^phiise with the. U.S^^.R. spore rings in Moscow. UnVortunately, the, 
culture-medium tnatermls used were not exactly the same in the two countrie.^ 
(the chemicals were obtained from different sources), und so the U.S. S R. 
spore rings never matched the 24-hour period of the U.S. rings. 
• The scientists selected the best eight cultureij in each country— rfour for the 
JVpollo-Soyuz flight, and four for thp' groonU controls.. All caiture^ were 
handled in the same way. The 60-millimeter petri dishes were packed ih pairs 
in sealed boxes with jlass covers,, kept at 300. K i y portable incubat or s before 
and.after flight, and photdgraphed^yery 12 hours. Figures 3.1 and 3. 2 -show 
that the zones fonfted regularly. As shown in Figure 3.3, the temperature did 
not remain. constant during flight. 
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Postf light pf^ptogr^phs of Streptotnyces levoris cultures in the United States. Figure 3.2 
the two petrVdishes in Culture C; 12 w^re launched in So^uz and recoy 
frofn Apotlo. Culture A* 2i2 was both launchcKl and recovered in Apollo. C 
A-24 and A-25 were U.S. ground controls. - 
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Figure 3,3 Experiment MA- 147 temperature chah^ during the flight It had been In- 
tended to maintain Incubation at 300 K (27* C, 61* F) throughout the fiighi 



g Experiment MA-147 Results: 

Microbial Growth Rates ; 

The scientists thought that cosmic rays passing through ApoUo-Soyuz (se^ 
; Pamphlet* VI) might cause mutations or otherwise affect the microbial 
^ growth. Cosmic-ray detectors (special plastic films) were placed under the . 
petri dishes and showed that many cosmic rays passed through them, but no 
evidence of, mutagenic alterations of the S. levpris fungus v/sls noticed.- 
From photographs like Figures 3*1 and 2, the numtfer of rings could be 
* . counted, arid plotted against time. The growth rate is the numbejr of rings (or 
fractions of a ring) added per day. These rates were averaged for three time 
intervals: the 6 days before launch, the 9 days in flight, antl the 8 days 
' following the Soyuz landing or Apollo splashdown. Figure 3.4 is a plot of ^ 
these growth rates for 16 different cultures, the AmericarK A numbers) at the 
top and the Soviet (C numbers) at the bottom. The control cultures are plotted 
by solid lines, the flight cultures by dashed lines. % , 

The American cultiireii started nicely together at a ! .Cfip-ririg/day rate. The 
growth rates all decreased during the 9-yay flight, ahhough Culture A-22-'2 
; ; dropped less than the other^ In the ppstflight period. Cultures A-I9-I, 
A-19-2, and A-22-1 increased their growth .rates, whereas the 1>.S. control 
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cultin-es contiritcd their'dqcfease/T^ 

-growth rates but showed an overall dec/ease. • V. > {'Vv . . ^ "V. 

The ge^ieral conclusion from Figure =3».4 is tl^t growth rate>, decreased ^ 
aboard Apollo-SbyUz relative to thecorrtrolsvtoi) American and Sw ThiV 
decrease ^fcilcthave been due to cosrnic rays or weightlessness in the. space- 
craft; although the mechanism (how cosmic i:ays or zero-gcould change the 
biorhythm) is riot clear, Cultures A-1 9 and Cr31 -2 Seem to have been effected 
by g-forces during splashdown, when ApoIlo:decelerated at aboiit 3 g's (s^e 
PAmphl'et IX.^lgure 3:5 shows that double rings were formed t^at day 'in three 
of the four cultures pn.'ApollQ^ ' . 

Ahhough the irivestigatQrs. could not detemiind whether the s^)pre rings in 
the cultures from.the tw.ocouotries would ;*get in step'' (because,the U.S^aBiijl 
.U.S':S>R. growth rates were so different). Experiment MA-147 did show that 
.the growth rate of 5/r<?/?/owvce'.v levoMs rings was reduced.in zero-g. Thisj 
• resiult may give some clue to the effects of zerorg oh living organisms^ ^ '^^ 




Figure 3.5 Dpu|)le rings of Streptomyceslevorjs spores; Tliese rings were' produced on 
« the day of splashdown when Apollo decelerated at 3 g*3 
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Q Questions for piscus^tb^^ - 

. " (Fungi, Spores) - , f ^ • 

5. As a colony of Streptomyces levofis grows across the culture medium, 
y4^^ should it produce spores periodically? 

» 6* Why did the MA- 1 4? investigators send so many cultures into orbit and ' , 

w maintain an equal number on the ground? ' \ 

.•" ' . * • . . , ■. '"^ • ■ . - .' ^ , 

t . 7. How migbtlhe effectof 3-g,deceierationonspore^ ' 

be cohfirmcd? 
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SeibiMration of Cells 
by Electrophoresis 

■ ' \: "■ ■ ■ ^ ■ . '. 

'Uvinglcellk^ in water arc found' to have a small negatiye electric charge on 
their surfaces. pifiFerent kinds qf cells differ in three N^^^ys: (1) amount of 
velectriccharge; (2) size, and (3) shape. Th^se'differences have long been used 
by biologists to separate various kinds of cells from a mix by a procQ5S called 
electrophoresis-— "electrical sep>ardtiofi/' The * 'electrophoresis column'' is 
,a water-filled glass tube with an Ctlectrode^^ eiach end (Fig. 4, 1), The sample 
of mix^d cells is inserted hear the cdthode (negative electrode), and a voltage 
is applied /Because of their negative charge, the cells are pushed away from 
the cathode' toward the positive anode at the other end of the column. 

For a given voltage, thd speed^at which the cells drift through the water (the 
'*electrophocesis mobility") depends on each cell's electric charge, si^e, and ^ 




' Static-column electrophoresis and separation bands. At the start (top sketch); 

ail cells in the sample are near the cathode. After a time (bottom), three 
. different types of cells are separated because type'A drifts more lhan B, and 

type C drifts less than either A 



r " ' ^BSCS^Y. Ch 6; BSCS-B. Ch. 13. 
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shape. It is very nearly the isarhe for cells of, the same type, There^re, as; 
shown in Figure.4; 1 ; cells of,type A eventually drift farther down the column 
than'do cells of type B.^Cells of type C (those with; lo^yest electrophoretic 
mobility) drift least; The sample mix pf cells is thus separated in the elec- 
trophoresis column, and any one type oj^cell (a pure conipondnt of the original 
mix) Can be dra>yn,from the band in which it is concentrated: tf opaque Ce|ls or" 
colored cells (iike red blood cells) arejpresenti a photograph of the column 
will shq^ the width of each band and the approximate fraction of cells in each"" 
band.. ** / . 

A ' * static column' ' is shown in Figure 4. 1 . The buffer solution (water and 
various salls)\i at rest and the cells drift ta form slowly moving bands. If. the 
purpose is to sejp^rate lafge numbers of i^fells for medical expieriments or for 
the mahufactiire^pf medicines, it wpuld be more effective to separate different 
cell types across eiflowing buffer solultion,4as shawn'ijpu Figure 4.2. In this 
''free-flow electrophoresis,'' each cell ^type would b^^^allected coptinuously 
from a cecKTSr^ce in' the flo\ying buffer solution ^ffter d^^^ aqrosS^e' 
, stream tofthat location. This technique i requires a very sm^th flow wUh.ilo 
bubbles^eddies, or, crosscurrents in thp buffer solution^: 

Difficulties Caused by dravit^^^ 

■ ■ ■■ r ■ • ■ ■;. - - ■ ■ V ■ . 

There are practical difficulties with both free-flo>y and static-column elec- 
trophoresis. One difficulty is that the buffer solution is separated by elec 
trplysis and produces oxygen and hydrogen at the electrodes. These gases, 
must be withdrawn froni;the columii sb that the bubbles will not disturb the 
drift of the cells or.the electric field along the column^ In the weightless 
condition aboard a spacecraft, there is no force of gravity (zero-g), arid the 
bubbles don't rise as they do in oiie-g on the ground — they stay at the 
electrodes. * ' 

Two other difficulties become important when biologists jn.one-g try to 
separate cells of almost the sanie electrpphoretic mcibility. For instance, two 
kinds of kidney cells important in modern medicine drift at so neairly^he same 
rate that their bands (Fig. 4^1) overlapj even,when the columiiMs very lonjg': 
The bands are riot sharp (narrow) because of unwanted disturbance (currents) 
in the wat^. Eveii if a static colun^n is Kept perfectly still y when the voltage is 
turned on, an electri^ current flo^^s, h^ats the water, and causes convectiotiy 
currents in the buffer solution. In zero-g, there is no convection/ so the heat ^ 
does not start water currents and the electrophoresis bands are sharper than 
in one-g on the ground. . 

The isecond difficulty in orie-g is sedinientation.^All cells have a higher 
jdertsity than watgr andtejnd to sink or ''settle out" under the force of gravity, 



In ze'ro-g; there is no stich tendency, and Ihe pnly^force on a cpll is the. 
electrical one, which produced the separation. ' 

For these feasons, two.electrophoresis experiments were performed on 
Apollo-Soyuz. Static electrophoresis columns had been tried on two previous 
NASA missions.tp the Moon) Apollo^ 14,in 1971 and Apollo 16 in 1972, but 
neitherwne worked well. 

Experiment MA-011, 
Electrophoresis lectinob^^ 

The experiences on the Apq[lo 14 and 16 missions showed the'Sciehtists at 
NiSFC that thi; static electrophoresis column mustbe designed very carefully 
so that samples could be inserted accurately and all gases could be.rempved. 
^to achieve the best electrophoresis separation that can be accomplished in 
zero-g, eight different siamples were to b^parated and photographed and the 
columns frozen so that the hands could be examined later on Earth. Four of the 
samples were artificial mixes of known proportions of red blood ^ells from a 
rabbit, a human, and a horse; two. were lymphocytes from a human; and two 
were the two important types of human kidney cells mentioned in Section 4A. 

The static electrophoresis unit shown in Figure 4.3 was designed so that 
each 15-cejitimeter (6-inch) long column of water could be plugged into it . ; 
The astronaut took a sample from, a freezer and pushed it into a Slot on the side 
of a tube made of Lexan plastic so that it was centered in the 6-.millimeter 
(0.25-uich) wide cplumn of buffer Ablution. He set a switch for the-desired 
separatipn time (4^, 60, or 75 minutes). The electrophorelsis unit then au- 
tomatically turned on 400 vpltS, controlled the staric-column temperature at 
278 K (5^ C, 41** F), photographed the column ivet^minutes; disposed of 
hydrogen and oxygen gases safely, and finally froze the column ((o 2i33 K, 
-40® C, -^40** F). Then the astroiiaut put the frozen column in the freezer for 
return to Earth? and plugged in the next column.' Ohe of the plug-in static 
columns ns shown in Figure 4.4. ^ 

Experimel^t MA-011 Results ; 

'Columns 1 , 3, 4, and 7 worked well; Column 7 (the kidney cells) best of all. 
Hp\yever, the electric power i.n Column 2 ifail^d after 3 minutes, and some thin 
tfi||s used to^ remove 'gas from the buffer solution became clogged pn 

§mns 5 and 6. Failures like these are to be expected .in any scientific 
riment. . \. 
^ hen the film and frozen columns wer6 returned to tfie scientists at MSEC, 
film was developed and examined. Figure 4.5 shovys the separation of red 



MA-01 1 electrophoresis unit wit|i camera. An electrophoresis column is plug- 
ged in between electrodes In the center qf the t>ox. the camera is attached to 
the open box: top for jsutbmatic photographs of the column^ 

blood cells (rabbit, human; and horse* from left to rijght). The frozen columns 
were then sliced arid melted, and the cells >vere recovered from each slice. 
About half the red blood cells were still alive. Because the tubes got clogged 
in-Column 6v the buffer solution became too basic (pH factor less than 2.5) 
a[nd only I percent of the lymphocytes were still alive. 

uplurhn 3 contained a mix of human kidney, cells, which cannot be 
separated in one-g on Earth, All the kidney cells in this column were^live, 
' and. th^^sq^^aration was checked by growing cultures of the cells from slices of 
the frozen column near the separation bands. The type of kidney cell needed 
produces urokinase, an enzyrrle used to treat people suffering from blood-clot 
condition^. The cells from one slice produced m6r^ than four times as much 
urokinase as did the original kidney-cell mix. This denionstration showed that 
electrophpijcsis in zero-g can separate kidney cells of very nearly the^ same 
type, The separation of urokinase-producing kidney cells in zero-g may 
become one of the important medical manufacturing technologies of the 
future. 
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-t^igurO'^.S Flight photograph of MA-01 1 Column 5. The mix of red blo6clxel|s has sepa^ 
' rate4 into three well-defined bands^ rabbit (left), human (ceriter)i and horse 

•(right),-..' ■ -I. ■ '■. ■ , ' 
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pi pxperlmtfht MA^0i4/Fr^ 

. * : /. A scbemaitic^dia^am shoNving how free-flow electrophoresis should work is 
•i,^ - given inT'igure 4.2. The concept was developed by Kort Hannig, tlie Germai^ 
Prihcipar Investigator for Experinient MA-01^ Free-flow electrophoresis . 
. should lead to rapid separation of, large amounts 6i|rbiological inaterial in a 
c continuous process. The outlets at the bottom of Ffgure 4.2 should drain off 
separately most of the cells of types A, B, and C, and the rest of the buffer 
" solution' is pumped around to the top to be recycled through the tubei \« 
■ the af:tukrMA-0 14 equipment on Apollo-Soyuz did not have these outliets 
for cell.typesA, B, and C! Instead, a beam of .light was directed through a slit 
at the bottom of the.flow tube to 1 28 photometers alonga line atthe top^. These 
photometers scanned the'strip of lijghtfipmyhe 

and showed how the ^qipiiht of light was wduced by c^ dpyynward 
. 'near the bottom of Figure 4.2.' -"^-^ 

. Four different samples were prepared just before the ApOllo launch and 
kept refrigferated at 277 K (4° G, 40° F) until/ the astronauts oper^tef the 
. MA-0 14 experiment on July 16, 1975, for almost 85 minutes. Everything 
seemed to work properly, and the. photometer sc^ns were recorded on^mag- 
netic tape that was recdBed to E^h. When the lllA-OU scientists in Munich, 
* Germany, played back these tapes, they found tliat th^ight had been too 
bright, which ipduced the accuracy of the. measurements. 

The measureWnts oif free-flow electrophoresis separation.of three of the 
samples are shown in Figure 4.6. (The fourth scan of a nfix of^liuitian^ahd 
rabbit erythrocyte cells was ruined by the bright light. ) The separations of the 
•bone'-niarrow cells, spleen cells, and lymph-no(fe cells mix^ 
/ erythrocytes are considerably better than attenipted separations in one-g on 
. the ground. These results show that* free-flow electrophoresis in spacecraft-in j 
zero-g may become as valuable a technology as*^tatic electrophoresis. 

p Questions for Discussion 

. (Electrophoresis) 

8. The water (buffer solution) in a static electrophoresis cplumri (Fig. 4;1) 
should be perfectly still. What about thermal m6tion of the water molecules?? 

?. When the voltage is turned of if in a static electrophoresis column, "as*in 
Figure 4.1. (bottom), what happens? ^ 

V 10. The two. closely similar types of kidrtty cells were not perfectly 
separated by the MA'Ol 1 electrophoresiscplumn.Explainhow the separation 
could have Been improved by a second tun. Could multiple runs be used in 
: free-flow electrophoresis? ' . \ 



Microbes at Large 
in thiB Spacecraft 



Several studies of microbes'^. in spacecraft and on crewmembers had been 
made in the. United States and the U:S.S.R. before the Apollo-Soyuz mission. 
As a result of the American studies, astronauts were examined by physicians 
before tllteir missions and were Isolated for the last 3 weeks before launch so 
that they would not be exp»6sed ^o unfamiliar disease germs, 

However, the human body carries many microbes with ii^^-ia the intestinal 
tract, inose, and ears and oh the hair and skin. It would be impossible, and 
unwise, «to eliminate, all these microbes be^fore flight,. The Apollo and Soyuz 
spacecraft were not, sterilized, and various'kinds of microbes were carried 
aboard by the crews. Tn|^uestion was whether th^/^a/a/iq^ between microbes 
arid man wpuld.be changed wUhin the confines of the spacecraft during flight.. 
There might-be a ch^n^ in the numbers of microbes, ot in the crewmen's 
^Xif^sistahce (immunity) tc/diiease, or in the microbes' power to infect. A\^y 
' microbes brought up f^m Russia by a cosmonaut might be transferred to an 
.:astronaut in Apollo-Soyuz, or. vice versa. . , . 

The earlier studies indicated that midrobes were transferred bptween crew- 
members during flight. These studies also resulted in two broad and different 
ideas: (1) that only a few types of aerobic microbes (floating in the cabin 
**air") would survive in flight and they would produce large jwpulations, and 
(2) that.crewmembers might suffer **mici:bbic shock" on return to Earth after 
adjusting to fewer microbes in the spacecraft cabin; that is,'the crewmembers 
might get sick from the microbes normally all around us on Earth. - . 

Joint Experiment AR-0p2, 
Microbial Exchange 

;,A large number of biologists in the JUnited States and the U.S.S/R.; pre- 
pared a detailed plan to measure precisely which microt>es were launched in 
Apollo-Soyuz in and oh ^ach astronaut and cosmonaut. The scientists wanted 
to determine .whether microbes were, transferred between crewniember^ dur- 
ing flight Jfr increased in any cre\ymen1iber.,Th^ also wanted to test for 
possible changes in crewmembers* resistance to disease during flight/ Medi- 
cal tests extended frprh 45 days befpre the 9-day flight to 30 days afterward. 
The tests included taking samples of blood and saliva and. * - swab samples" 
from the hair, ears* nose , mouth, and throat and from five areas pn the skin of 
each astronaut and cosmonaut. Sfmilar samples were taken from the five 
backup crewmembers befSTCi the flight. ^ .. 

The type of swab used in thi,AR-002 Experiment is shown in Figured, 1 . It 
was sealed before ahd after liVe and was soaked in a fluid that keeps microbes 
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alive. During flight, each crewmembcr used his own set of l Osw^ toxiib the . 
specified places on his body. (This had been done before the fligftCunder the . 
supervision of a scientist, who made sure that the astronaut understood how to 
take the sampl^ byliimself.)T>yp other sets of 15 swabs each were vsed to ; 
**mbp. up" micr&bes from 15 specific surface areas.in the Apollo spacecraft 
and 15*in the Soyuz.s|f)acecraft, each marked to be e^ctly 100 square 
centimeters. All these swabbings were taken during the same hour on July 1 8i\ 
1975, and the 80 swabs were returned to Earth by Soyiiz and cjuried to ' 
Moscow, for irnn[iediate analysiis. • i . . . ^ 

The tests wetfeKnumerous and cornplex.. tJiey yyerc as pe 
exactly the same as the tests performed oh the gijpuhd before and aft^r flight^T 
In this way, tile biologists obtained Jairly accurate measurements^of the. 
tiumbers and kinds of microbes in various places at several diff^reat; times. . 
For exampte,. Figure 5.2 shows .the numbers, of aerobic: bacteria on the 
skin-swab samples from the fi^ve irewmembers ai rline different times: (The 
^^quantitation" pldtted.in Fijpfcres 5.2 and 5 .3 is the logarithm of the number > 
of bacteria from 1 square centirtieter of the surface swabbed. **Quan{itatibn 
S," for example, meanithat about IQOOOt) bacteria were swabjwd from each 
square 'centimetei«^f|f Astronaut Stafford's skin— the avei-age dh hi^ fiv^^skin 
. ^wabs. There is a fair amount ofscatter in these bacterial counts. However, 
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■.' Aslroiiaul S^^ofd 
-^slronaLtt. .Brand ■. 
Astronaut Slayton ■ 
Cosrrionaut Leonoy c 
— a;- •• Cosmonaui • Kubasov . 
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' 'i r^eeiSfcefore launch 



l r v,-0' ■ ;■■ '0 r 2 , ■ .'}■■ ■ 4 
I" ' Flight . 1^^,' Weeks afjer landing 



Number off bacY^rta ih stciri i^wabs ffrom the five Appiip-Soyiiz c^ew.men* Quan- 
titation is the logarithm of the number offjsac^^ sqijare'cehtimeter of skin 
.a«iFabbe<L Tlie number varied fro^ about 10^ to more thai^ l b^?(,Log 10^^4; 



try. • 



because all the swabs' were used and analyzed in the sapie way,; the average 
quantitation shows changes in the number of bacteria as accuratelj' as . 
possible.) 



g Experimehi AR-002 Results 
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Gounts of several different kinds of microbes were measured in the. s.Wabs: 
• • <jram-negative rods of the g^^ found in the <^ 

human mouth and were detected in^the astronauts' throat: swabs and gargle: 5* . ^. 
"fJdX^x. Iht y^6s^si Car\didQ albkans, which.may cause ''thrush" (boils and > ^^•V; 
sores in the mouth), was found in two crewmem^i;s' mOuths,^5^^ 
awr^«5, \vhich caJi ckuse boils Js someti™ 
. ally on the skin; it , was found on all cre.Vyjnemb^rs^ \ > ' 

J 'u0^fiX^^Qnd after the flight, measurernents V^ere i^s;Q saliva anci ; 

^ V 'W^^aipples to detect specific im^i^jijiidty irfl^^^^ • 

4' ' . ' discia^^Two factors nieasureci in the saliya'^samples w^' fo^ 
•V (IgA) and lysOzymp. The I|a is a collection of d;ff^itiW k^^ of proteins, 

. some of which are antibodies, and each of which attacli^rorie specific kind of 
bacteria/(Antibodies give a petsoin immunity?* I9 a disease after he has h^^^ 
disease and recovered from it.) Ly sozyme is a chemical (enzyme) that kills or / 
weakens all bacterid. Astronaut blood samples were tested for immunity to six 
; ; kinds of bacteria and to the yeast Candf/(iaa/W^^^^ 

. in terms of the dilujLion of blood seruniUhat b 




in a culture (stronget;«$ihim would kill them). '^Dilution 8" mean's only half 
the^muiiity of ''dilation 16." i^/ „ - ^ / . 

The results of Experiment AR-002 were based on these measurements: (1) 
bacteria counts from swab samples before, during, and after flight; (2). IgA 
and lysozyme measurements in saliva samples before and after flight; and (3) 
immunity to seven types of microbes measured in blood maniples before and 
after flight. . 

Plots likelhejone in Figure 5.2 show |hat the numberof bactieriaon the skin 
^.^ny-^one crewmember chang^^j^ohsiderably^ with time. This finding is 
typical and was expectea>MeasureiHehts'6f bacteria irj the.m6uthi,nose, and 
throat V:it^ed eveo more . Howeyec^the average.cdunt ofall ^ Ve ere wmembers 
was fairly constaiitiyruri% 84'days covered by the measurements. There 
was qlearly no c/iange d or immcdiately^after the Apollo-Soyuz fiigh^. 

Surfaces inside the spacecraft were swabbed im^nediately before arid after 
as well asduringthe flight. The thre^ setsofmeasurements<)faerobic bacteria 
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arc plotted foi^^^ach spac'ec^^ . . . ^ 

spae^craftjitcie-clc^aft^^ the ay^ages/(0^^^^ circles),show ; * . ; 

igntficant changes. The bacteiiia brought in with the astrojiauts ihcreasc^ the ^ v V^^;^ 
spacecraft bacteria cou(it; the postfli^ht dric^n the bacteriapouiU w£ki>A:aus^: '^i^^^::'- ' -IV 
by an accidental intake of jet fuel when a valve wasogened tb.l^t ift^ihside air j ; JV' -^^^ 
Ji^-^V^v''}^: durinjg splashdown (see Pamphlet I)^ This gas, ^ mixture" of dinitrogcirV ; 'c^ ; £ • 
/[VvV'^i; tetroxide and nitrous oxide, burned the eyes, lungs; and bare skin of the ;^ ^, 

•.X* : .'t^^ 10, as in 

•:: -'^ ^ 
VJl; t ^ and^thixiats. fh^ayerage dropped slightly during the / / 
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Number of bacteria iii swabs from exposed surfaces on the .spa^]M;raft. lHere: , 't^ui 
were large differences between different surfacestin Apollo---frpm1eM than . , t/^^ 
IGUtb ab^ut 10^ bacteria per square centimeter; *th6.,<>p<B(k circles shoW<lhe ' 
averag^'^^^ail surfaces on each of thr^ dates: V: ; ^'"^^^.y'"-'-:^f^-'- 
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■ . AstroTiaot Stallofd 

Astronaut Brand 
Astronaut Slayton 
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j Flight I Weeks,after landing' ' 



Fltaura $^4, , ^f timber of Haemoohilus cells In astronauts' oral' cavities, the numt>ers Varied 
ia^hlgti of 10^ dow^ ta l^s tKan 10^ bacteria per square centimeter. 
' 'V.!. ^^se variations are normal In the mouths of Americans. 



<1 
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awr^wi in the nose and piSthe^^kin. There were 13 slightly different strains of 
Si aureus among the five,.crewmembers. Bacteria of one 6f . these strains, 
together with C- albicans, y/crt transferred from vone astronaut to another 
during the flight. There was no transfer of microbes-between astronauts and . 
cosiTionauts during the 2 days they were together. Moreover, all thes^^ micro- 
bial measurenients do not support the idea that just a few tyjies of microbes 
wotild multipiV rapidly during spaceflight ^ndljie other types would.die 'off. 

The idea that astronauts* immjtnity to dislSase would change*durin^#p^ce^->. : 
flight was not confirmed for^he 6t to 9-day ApoUo-Soyuz flight. Thfe;^me^^ 
si/red ampants oi lg^ and lysozyme in saliva showed no general chartgcS, 
.although there w^jfi^^ normal amctVjnt of variation. The most accurate rii^a- 
surements of iWmaliity were maj^Ie.S^ blood samples oif all five crcAvmem- 
bers. the dilution cjF blood senii^, whjeh is a.measurement of immunUy , was 
very different, fpr each crewmcSiiiB^.r for the various bacteria tested. lFor 
instance, Astronauts Stafford antf'Slaytdn had dihit;<3tis of 1024 against 
Haemophilus influ^,nzde and Astronaut Brand and Cbsjfhonaut Leonov had 
dilwtjons of 8192 di^x^si Bacillus abortus. All crewmembers had dilutions of 
Jb6i& 8 for 5. aureus zxid C .albicans. TyjoXdngt changes were olsserved; 
howfever, in the ot^er 38 cases of crewmembers' immunity, versus bacterial 
counts, there seemed to be no change in immunity during or after the '; 
Apollo-Soyuz flighjfe — / ^ 
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Questions for Discussiofv 

(Microbes, Immunity) * 



11. What wduid the astronauts notice if there were a large increase in the 
number of aerobic microbes inside their spacecraft? ,v^'' ^ 

n. When explorier$ first visited isolated Eskimo tribes in t^^^ . 

Eskimos caught cokls and many died; How do you explain this? 

■-■ ^. / . V /^ "v . 

13. Why would it be unwise to sterUize;ga spacec.r;?ift thoroughly and 

eliminate all microbes on the hair and sKi)):^n^^^^^^ 

each astronaut before laujich? "^^vv 'v? ? 

■.' '-^ *■ ■ ;•. "^^^ ' ' ■ • 

* 14. If there .were a tendency for sorni? types of itijprobes to multiply in a 
spacecraft and for other types to die dft, how coUld a stable population be : . 
artificially maintained? 

15. If the balance of micrpi)es is nbl maintained during a long spaceflight, ^ 
what problem couid later arise? 
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;^ vjHuman bl(K>d seyerar^pes of ceils® and chemicals.that fight cjisease. . 
1 The sirtfiplest of these is the \yhitej!)loodpeU of ktt/:(?t>'/e. that is formed in bone { 
:\ . maiibYand then earned abound the bbcly^in the blood stream . During its short 
.* iijfe;of only a few hours, the leukocyte- cari **eat up" (ingest) bacteria; It caa 
^'4noVe through small bldo to the wall near an infection; and' 

' 'squeeze between tissue cells tpjrefifch a cut or wherever the enemy bacteria are. 
r^Biologists can watch this process through a microscope* They can count the 
kbkocytes and estimate thevjfiercentage that afe aWe to ingest bacteria. 

Lymphocytes are*cells that are formed in the lymph glands as well as in bone 
marrow. Several types exist, including T-cells, which adhere to **foreign" 
cells in the blood, bnd B-lymphocytes, which manufacture 'immunoglobiris 
. (IgG, IgM, IgAv IgD, and IgE), the proteins that make up antibodies/ 



Experiment MA-032/ 

Polymorphonuclear Leukocytes ^ 

■ ' ■ - • . , ^ ., ' ■ ■ ■ ^ 

White blood cetTs were slBSfed in seven blood samples taken from each of the 
three astronauts from 30 days before to 30 days after* tlj^ ApoUo-Soyuz 
mission. (None was taken during the flight.) Because leukocytes ar^ replaced 
in the bloodstream every few hburs,/the samples taken immediate]^ after 
splashdown were the most impoijaiit. These samples, analyzed on the recovr 
ery ship U.S.S. New Orleans, contained leukocytes formed during flight in- 
zero-g; ■^*^' ■ •■ / ■ '* 

Counts showed between 4000 and 14 000 leukocytes/mm^ of blood. Dif- 
ferences as high as 6000 were found between the counts of the three astronauts 
at any one time, and k change of 400 leukocytes/mm^^inone^astronaUf s blbod 
was noted during, the 69-day period. Similar variations are found in all 
humans, so the MA-032 scientists concluded that the Apollo-Soyuz flight 
caused no marked changes in leukocyte counts. 

More detailed tests'were n^ade tih leukocytes that had been separated from 
the blood samples in a test tube. The cells from the splashdown sample Were*; 
found to have about th^ normal abiHty to cling to blood-vessel walls ^^djhe 
normal migration (moving ability). (These qualities were measured inja new 
type of test that show.^ the clinging and mobility in glass tubes rather than in 
actual blood vessels.) Some of the leukocytes are polymorphonuclear 
cells, known to be the most active in attacking bacteria, The^ can be recog- 
nized in a niicroscope by a large, irregular nucleus which c^n be seen after 
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they are stained i (See cover photograph.) The fraction of PMN leukocytes 
was higher than normal in the splashdown blood samples from the astronauts. 
The leukocytes were tested for ability to ingest bsicieina (Staphylococci) and 
found to be normal. 

■ the Principal. Investigator concluded that, the experinient showed no 
change in leukocyte function (abilities) immediately after splashdown, al- 
thoujgh the leujcocyte. abilities might have.been different 4 pxii.hQU^ 
during flight. . ' : 



Q Experimeht MA-031^ 

Cellular Immune Response^^^^^^^^^^^ ^^^^^ ^^^^^^^^^^^ ^ 

' Experiment KlA-031 was based on astronaut blood Samples similar to those 
used in Experiment MA-032. and the white-blood-ceircounts a^ 
well. ExperimentMA-031 studied the lymphocytes separated from the blood 
in a centrifuge iisiiig a special liquid that provides a density gradient. This 
liquid is piit in ^ test tube and the blood saniplc added on top; then the (est 

■ tube'is placed in th0 centrifuge and spun around. The higher, density blood/ 
cells pulled far down iiito the liquid by centrifugal Action, 'vi^hile the more 
buoyant lyrnphocytes remain near the center,- all atone level. When the. test 
tube i5 refltiovfled from the centrifuge, the liquid and lymphocyte cells are 
sucked out by pipette. Counts showed an average of 2700 lymjphocytes/mm^ 
before flighti ICKfe/mm^ just after splashdown, arid 2900/mm3 later. More 
than lialf of these were T-lym'phocytes, a quarter were B-lymphocytes, and 
therest were **nonreactiver* In.thesplashdowrt blood samples, the nonreac-. 
tive lymphocytes were far fewer; Otherwise, the counts showedno significant 
change. These measurement^ were different from those taken after the 84-day 
Skylab 3 nr^ission, when B- and T-lymphocy.tes wfcre Ipwer in number follow- 
ing splashdown. , / 

The principal Investigator tested the abilitiies of the lymphocytes to func- 
tion by mixing theni with four different ahtigens.t About 10* lymphocytes, 
were mixed with each antigen in a liquid medium. The antigens' were 
phytohemaggkitiriin, jppkeweed mitogen, Concariavalin A, and influenza 
: '■ virus. They were incubated for 3 or 5 ciiys a^ QT C-IW F) and then 
*' > ■ ■/ *.fed" radioaPlive thymidine. Thymidine is pnie of four * 'code" substances in . 
deoxyribonucleic acid® (DNA).-It -was nriad6 radioactive by substituting 
• tritiunri (^H) for ordinary hydrogen (*H) in the thymidine molecule. This 



^B^CS-Y/Ch: 23. ■ 
•BSCS-Y, Ch. 28; BSCS-B, Ch. 12. 



■ 'O- 



;*H-thyiiiidine then served as a radioactive tracer in the DNA made by the 
iymphocytes; After 2 hours in the inqubator at 310 K, the lymphocytes were 
washed onta filters and their radioacti vity was Pleasured, The jnore reactive 
lymphocytes had used rtiore ^H-thymidine to make DNA, and this gave a 
higher radipactiye count rate, . . 

V a definite decrease in lymphocyte ability to react with 

'/phytohcikmgglmininjiist atfer sp^ 
A ability remained the same on all except Astronaut Stafford's lymphocytes, 
where it was ^rr^wgrA^werf at splashdown. The plokeweed mitogen and in- 
fluenza virus results fluctuated an^ showed no consistent pattern: 

. • .. ■ ■ ' . ^ 

Ouestions for Discussion ^ ^ V 

(Leukocytes and Lymphocytes) " 

16..If you are suddenly scared, your glands release the hormones adrenalin 
and cortisone in your blood. What then happens to the white-blbod-cell count . 
(number of leukocytes per cubic millimeter) in your blooid? i v- 

17. How are PMN leukocytes distinguished from other white blw'd cells? 

18. Just after splashdown, the astronauts' blood saniples showed high 
white-blood-cell counts and low lymphocyte counts; What might Recount for 

ti)is? . . • ' ; \' ' .■■ ■■ ; 
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piscussion ibpics (Answers to QCieistions) 

1. (Sec. 20) If the minnows h^djbcfcn'cpmpletely sealed in a liter ofwater, 
they would havq died because |of lack of oxygen. However, the j^lyyinyl 
plastic '^breathes**; that IS, 6x^^^ 

through the thin plastic bag^ : Incomipg^oxy geri from the Apcillo cabin atmos- 
phere refreshed the water,7and exhaled carbon dioxide was released to the 
cabiiii together N^iA^ma^^ water Vajxjr.. The lack of fbbJ^W^ 

slow the niinnows* gipwth( but the controi grpups were not fed either. Hence, 
the e|fect§ of not being fed were the saime on the flight fish knd the coritiol 
groups of fish. . . ^ 

' ^' minnows in Compartment 2 had been preconditioned with 

vehicaj;^pes in their tanks: If the lighting were uniform, .one of these 
minn^s jyoiild^^ swim around next to pne of the stripes as if the drum 
werfe Vertidal ^I^^^^ : V : 

' 3. (Se<;;;2D)^^^ of gravitational force might allow more rapid blood 
flow giiid^^^^ reactions, both of whrc/j-^^jquld accelerate 

' embtyp deveto^^ ; 

' ^r.^^ff^- 2f)) A minnow Without vestibular organs would probably depend 
9^^^^^^ with its back toward the light,, both in one-g- and in 

^ - i^^ not loop in zerorg if there were a steady light to provide 

^ftyriehtatip^ y "*■■■; .'^^ 

5, (Seq^j^ colorty "expects" its food to run out 

:^^ft^5i2np aiongihe surface. Therefore,.it produces spores 

thj^jycari 1^t^u1 a ne\y colony after being blown' by the wind to some other pla<fe 
with more fjpod." ^ • ^ . - y 

6; (Sec . 3C) Not all the microbes pf one species like Streptorhyces levoris . 
behave exactly the same. The combined results from four to eight cultures 
would be more reliable than the results from any one culture. The ground 
controls wej[d necessary to show; the t/(g^erence. in iverage behavior between 
zero-g and bne-g. . • , . i t . • 

7- (Sec. 3C) Placifig^everal c^U&jpes of 5(rep/omj'c^ alpw-spfeed 
centrifuge for J to 5 mi^iutes while a spore ring is ift the process of formation 
might.' show the .effect of Apollo's >g deceleration before splashdown, 

8. (Spc. 4E). Thermal mptions in the buffer solution of a static elec-. 
trophoresis column smear the separatii)^ bM^ Slightly. This smearing: is 
small compared to the effect of convecuon currents. .. 



JSf. (Sec. 4E) When the voltage is turned off on a static electrophoresis 
colunui, the separation bands step moving. They can be observed. for several » . 
minutes but slowly dissipate^.Wcause of convection cjuirents and thenp?iil , 

_^ITM)^iO!X^ ■ ■ j^. ' ^ 

; iO. (Sec. 4E) If afrozen slice of the cells i^one separatibri band;(t^ig. 4. 1) 
kidney cells (together wjtKi the buffer soh^ion) is melted, thei^ is an 
admixture of some unwanted cells from the nearby t^aira^^^ 
^yer,.lhe proportion of the wanted cells has been greatly ihcjn^a^d over the 
onginal sample. Using this melted slice as the sample in a second run, the ^ 
^ frozen i^lice of the next separation band will corvtain a higher proportion of the 
wanted cells. Similar improvement can be achieved in , free-flow , elec- 
irophoresis by using the outflow at **A'Vin Figure 4.2 for the'sample in a'' 
second ruii. ' \. ■ ^ ' ■ : 

11. (Sec. 5C) A large increase iij aerobic microbes in the spacecraft, c^uld 

result in an unpleasant odor in tl^epabin atmosphere and in molds growing on 

exposed .surfaces. . ■. . ^ . " ' v H''; '-.- ■ i:V;>: 

' •• ^ 
^12. (Sec. 5C) The Eskirhos' irhmunity; to Certain bacteria and viru 

carried by the explorers was low because they had not yet been exposed to 

those particular micA)G^ganisms. The explorers and trappers were io^ually 

..resislzmt (immune) tp4he microbes t - / 

13. (Sec. 5G) Sterilizing ah astronaut (or.any animal) is virtually impossi- 
'ble. Even partial sterilization of astronauts and spacecraft woiild Ve iihWise 
because it would destroy the balance among microbeis, map, anti^man*s 
irhmunities. Aftef such an attempt, the astronauts^ immunities eould slowly 
wear off, and they could catch rhany diseases on returning to^^h. , 

- ' \ ■ ■ ' ..' ■■■ .. ■' . " : ' ■ ■ ■■ ' - ' ' ■ ' i ' 

14i (Sec. 5C) If one type of niicrobe tends to. die off, cultures of that 
microbe could be carried in incubators on the spacecraft and relel^c^^ 
iijTie to time. Just before such releases, the overpopiilated speicies could be 
reduced by cleaning exposed surfaces. 

/ 15i (Sec^ 5C) iif the ^alance,of microbes were^not maintained on a long 
spacefijght, the astronauts coulolose their inlJjDunity to the microbes that died 
but and become more •vulnerable Jo those^icro on returning to Earth. . 

16. (Sec. 6C) The white-blobd-cell count increaises because the homiones 
cause changes in the blood vessels. Leukocytes from the small blood vessels 

enter the maiin bloodstream: > • : 

■ ■ . .' • • • • ■ ■ ■' ■ ■ ■ ■ ■ ■ ■ ,■■ ■ ■ ■ ■ '■. . 




17, (Sec. 6C) The PMN leukocytes foitn one of five classes of white blood 
: ceUsvThey are re^ nuclei when viewed in a micro- 

sco|j^- after they have 

; l^^?-(Sec, 6C) Blood fest^ at the conclusion of previous space missions all 
shewed the same bffect. Biologists think that spqpeflight somehow causes an 
increase in whife-blood-cell count and a decrease in the lygiphbcyt«fccpunt. 
The excitement of returning to Earths-may account for the increase in white 
blood cells. The corticosteroid treatment that w administered Jft^the 

- Appllo-Soyuz astrohautsjust after splashdown b&ause of their painful ex^ 
sure to jet fuel in the Command Mgdule during reentry prdb'aby atcounts for 
the prolonged reduction in lymphocytes. ^ 
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$1 Units 
powers of 10 



JhtonUrtton^iSystem 

Nanuis, symbols/and iconyersion.fac^^^ of 31 units used in thesef pamphlets: 



Quantity 



Name of unit 



SyinlM)! Conyendbn factor 



meter 



m 1 km = 0.621 mile 

1 m = 3.28 ft ' / 
1 cm = 0.39[4 in. ; _ 
I mm = 0.()i39 in. - 
1 /iiii =: 3.9^x 10"* in. = 10* A 
I nm = 10 A* 



EKLC 



. , ■ ■ , Mass ; 7 


kilogram 


kg 


1 tonne = 1 . 102 tons 
1 kg = 2.20 lb 

i: gm = 0.0022 lb = 0.035 oz 

1 mg = 2.20 X 10^« lb = 3.5 X 10"* oz 


-.*■■■ '^' /^ ■ Timej^—. 
■ *. ■■ ■ ' ■' 


second S0 

". ■ ■ ■ ■ ' ■ 




1 yr = 3.156 X 101 see 
1 Hav =r' ft fid. 10* «»c 
lhr = 3600 sec 


f Temperature 


kelvin- 


k 


273 K - 0' C= 32^ F 
373 K = 100°e= 212°.F 


Area 


square meter ^ 


■• ■■■ — V 


1 m* = 10* cm* = 10.8 ft* 


Volume 


cubic meter, , ^ 




1 m^ = 10« cm^ = 35 ft» ■ 


Frequency 


. . hertz-^ .- 

/*'■'•■■■■ ■ .• . • 


Hz 


.. 1 Hz =^ 1 cycle/sec 
i kHz = loot) cycles/sec 
1 MHz = 10* cycles/sec ^ 




• •"■ ,■ ■ , 
\ kilogram per '.J 

cubic meter 


kg/rn^ 


1 kg/ni3 = 0.001 gm/cm^; 

1 gm/cm^ == density of water 

' ' . . ^ • - ■ . ' • .- « • 


" . * ' . — — ""^ '~ ■ ■ 

. speed, velocity 


meter\)^r second 

v.; 


' m/sec . 


1 m/sec = 3;28 ft/see ^ ' 
1 kni/sec == 2240 mi/hr " 


Force . 


newton 




1 N = lO* dynes = 0.224- Ibf . 


' . ' 


. • V 

■ ' • ..'•'•«■, c , ' 
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Qua 


nUty 

. . - v • • 


niauie- oi uiiii • . 


KvinhnI 






,Prcs 


sure ■• ; 


iict;^ ton per- square > 
meter 


.-■.:,.N/in*..-.:'. 


..-1 !!j/m*js.J:>«;;>^lG:VlW^ 

' ■ ■ • -.^ -'■> ■^:ii>- 




■ ". ■ " 
Ene) 


•gy • • • 


joule ■ . ■ 


y ■ ■ ■ 


■ ' * ■■ ■. ■. ; ■ ' f >' ■-■ / ' 

1 j = 0.239 calorie V" . 




. Photon energy \ 


electronvolt 


,"\eV 


.1 eV = 1.60 X 10-" J; 11=7 


10.^ erg 


Power 

/•...• ■ ^ • 




' r / W ■ 


l.W = 1 J/sec, . 




■ .. J; \ " ; : ' ; 

Ailpmic mass / 


atomic mass Unit . 


amu • 


1 amu = \M X lO"" kg 




Cui 


rtpniary Unjts Used With the SI Units . ^ 


Quahnty 


Name of unit " 


Symbol 


Conversioh factor 




Wavelength of 

•V light-. Y 


angstrom 


. .■ ■ ■ o 

. " . a; 


/I A = 0.1 nm = 10-^*' m 


..».'•■ 


^iAcceJcratiom ■ 
of"^ gravity \ 


.'■ '.S; ■ ■. ■■■■ 




' 1 g >=; 9.g ni/sec^ , 
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'vi, »■.•.»* 



;V'---':::iV-'V'^ 











• ■ Pireilx"-../ 




Abbreviation ^ 


. Factor by wWch uoit wri^^^v^^^ 
:\is multiplied' ^-AvV- ':-^^ 





tern 
giga 

kilo 

hecto 

cent! 

milli 

micro 

nano 

pico 



Pow0r3^i)f 10 



Increasing 

. •' — ~ — 



T 
G 
M 
k 

c 
m 

/X 

n 



10^ 
lb-3 



I>e<;xeasing ; 



10^,5= 100 
^ I0>= 1 000 ' 
10* =i lOflOO, etc. ' 
Examples; 

^ X io« == 2000 000 v;. 

2 X 10^® = 2 followed by 30 zeros 



10-f = 1/100 - 0.01 ' : 

10-3= 1/1600 = 0.001 : 

lO--* =1/10 000 = .0.000 J, etc. 
Example: 

5.67 X |0;5^ = 0.000 056 7 
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iections. Appendix. A (answers to queslions>i'^Jfii;i^ 
included in the enlHes. Those in 
aeri^i^ microbes those microbes capable of living in the |ir6^jf^p(!i^^^^^ 

"'■^Figs. 5!2;5.3) : • ■ '1\ : 

anode a positively charged j|ia^w^wire vScuffih tTiti^ oFele^ 

cphimn. (Sees. 4. 40; Figs^4.l^4;2. 4:4) y / \ : - 

antigen a substance that causes the production of arilibodies by lymphocytes- . . 

in tlie human body; (Sec. 6B) • . • ■ 

Apfilfo-Soyui' a joinl U 15 to July 24/1974^^^^^ 

: YAfi^jlb. the three-man U.S. spaCecrafti consisted pft^ : y^^^ 

, (GM^ connected to the Service N^cidjcrfe (SN^^ -^-^ 
(DM);; For 2 days, the DM was attached'fe-S<^u 
spacecir^ft: the t\yo s^eecfaft were in d circular orbiit|iT\dinjed 
Equator, with a 93-miri^te periSd; 222Juj0iBeter^*^^ 
■ face" See-Paniphleit 1. r^^j:^.^.^^^ . ; 

AR-002 the joint:e?a¥^^Sim Exchange, on the 'AponoVSo^uiv.'. 

_ .:5yl/jS;.Fig^:*^.i\Jo.^5. / / • . ' ^/ ' l^..'.' .. -/A 

^liiip crew a crewvttained to replace the^prime crew, if necessary . There 
. were "three astronauts and two cosmonauts in the backup^^^ 
rtfiady to substitute for AFk>llo and Soyiiz 
membeY gpuick pr was injured before la^unch so that he could^ntJf make the 
• v'fli^htr(Secr5A^^R^.-3.4)-^^^ . V; ; . " V;.:.i--^ 

. bahd the *^separati0(n b^^ - 
the cells of ont type movgr^JcJIig the column. (Sec*>. 4 to 4Bl App. A. rios. 8 
■ to 10; Figs. 47v'4.5) .k ■ ' ■ ' 

^buffer solution the liquid (water^ith several grams^pf various salts per liter) ^ 

through which cells are moved by electrical forces in electrophoresis, . ^ 
- . (Secs:4: 4A to4E; App: A.^^^^ ' [ 

Candida albicans a yeast-typ^'.qbll; sometimes found in the human mouth. T/^'-v-^^^ 

cathode a n^gativdy^charg^^ 

trophor^ s-ciSTumn (Secs.Jl^DrFii;s. 4.1 . 4.2. 4.4) 
! centnfugeTaevi^!e^ swings material around in a circle. The centrifugal 

/force on this material can be made to equal many g\s; A high-speed [ 
, Ocentrifugecanseparatecellsinaliquidt^iccordingtothede ; 

( Of cell. (Sec. 6BlApp, A. no. 7fe^#^^ . - . 1 . . ' ' 



y ' .^Y' . . . • 



1 •- 
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■f., ' : ' .d)ni^|io|^ wuh the 

^jVij^^^^ l,6;Figs,3.lV3,2i3:4; ' ' : 

7, ; one-g^ Beeausc^^ of the heated fluid is lowered, the fluidiises. ; \ : , 

. . : cosmic Vay ain e^^^ ion cjOfiSifi^^l^^^ space.VSee ; v.' ^,V- ■ 

.- \ ■■ ' ■■•'Tainphlet yi; <S€5^^^^ ■ ., ' : ■ -p..: '^':;---V: 

^^ ' culture a colony of cel|^^^^^^ V 

'.^^ ■ . conditions in an incubatoh'lfhecM^^ ^^^^^^^ 

5^, , :,.y,'^^^SA^^:X:j^p usuajly ia thin loyfefT of^lly^^^ sugar^ water; am^ Otter ' 

. '"■^■v'^^c-'^'W^^^^ Figs.3J;;3i2>-^^;4;)' ■•v^^*^,, '■■ 

. ■ /-^^i:^;^-:^'^. y:'r<i^lk-tfikt.4k^ used when the cell ieprodu^Ss;'^^ 

•r vDockj^ . ' - 

; f'^^^ J^atiitcod^ with Soyuz/ (Seq.i^ ?B)^:iie^^ V 

'■ ..i»am^ ■ . -.'^M^iJy^^^ 

. , electrophoresis. t}ip>^pa^ cells^ih a liquid tjyi ^in^^^ 
;■ ■ . :.. " voltage; -(Sees. 1^^; 4A t6'4E; App, A, nos..8^to;ib|;JEi^^ ■^•^■T'M:^^^^^^^ 

. '' ]"'■ : " electrode an jftectriedily plate or .wire in a vM^^ffin^tt 

■ ^M^ -- : ' : ■ ^trpphoresi/colurnh/XSe^ 4,.4A;'-Fig. 4.6) 

embi^o aypving prgjanisni before birth or hatching. An emfirfe ' ^' V 

: deyelops^ll the structures of the filll-grown org ; ; 

' App. A,-np. 3;Tab|j^;3^jy)"' ■■ \ ■ '•. ■■' y. 

y .' free flow a fomi of dettriap^^ : 

. . flow unrformly be^^^^^ 

inserted heiau: the c^lh<id^^i|iifts s across tfie buffer solution and is ' 

colfectea at several pjafces downstream; (Sees. 1, 4, 4A, 4P; App. A, ho, ; . 

v/ ' . \o; f\g$:42,^^^^^ \ ■ ■■ . '^'''"'''^'^^^^^^ 

Fiinrfii/iis.i^^^^ species of minnow (eomnionly c 

killifish) used iff ffi^^^ . : • " ; 

■ • g-force the force of gr?vit]i^rb^^^^^ 

is no force (zero-g). When "a. spacecraft is or 
deceleratedjduring reentry ^p inside it experfei^ces .a force that .. 

iiiay be as high aS'3 g's,::(Sec. .3B; App^ A, nos.^^3^ ' / 

■v:;rV ffoemppW/iii a gehtis of V 

. •'^'^J/;:humans:<"(Sec:;5'B^ 5..4).\^_ljl^-'r-":' ' • 
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; ; spedfi(^spiefeie^^ blood, (Sees: 5fi, 6) ^ : . 

: ' ^ V. ' .iniQiphbs. (Sec$:i% >5.;5^^^ 6B;*!App/'^A,; 12. 13/ .15) See ' ^ ' . • : 
;'}-}-'fyn^ .... . ."■^V - 

: JSC the NASA jUyndon B/ Johnson Spac^ 
• . ' > Juvenile a ipini^^ to 4:^eek$ old,; about phe-third large 3^ a^^^ 
^ ;^ Expprirt^nt, (Secs. 2;^ 

■ ^ used in the MA-1'61. 

" ^ ' KSC thp N>^A JohaF^Ke^ned^^ii^t^ atGape Canaveral, Florida, • ^ 

f W^h^^ . ' \: 

V' ^ • ^^'^^ cpajsMo^nnaQ' W The IPMN lieukocytes arfe: ^ 

4^^^ J nScroBes m the bodyl Uukoiyfes 

■ l^]^;;!?^^ 6- 6A; App ■ A,.ppgi/|6^if^^^ i 

; iised in thi» (siec.. 4B; Figi 4-^^ 

; *og,^logarithmtbb^selO,'U^ : x 

') . agd so on. (Sjc: 5/4v'^Fjgs.:;5:2 tb'5.4).l^^?■^; ^ -^'^rf-^i, : 

eells in hum^ blood ?nd siliva Jhat provide specific 'immunity ■; 
; and yiraI):;They are manufactured in '' 

;T^-:;^':^:;tlT^^ bone iriairow..^^^^ 

■ ■ bacteri2L-.<Sec..j?B)c':K^ ^'^^M:A:Sr"'''^- ''^^ &■ - .' 

. MA-Oll- thevEIectrophores^^^ . ; , 

. MA-&i4the^ ^ ■ 

irhniune Jtesi)Onse Exp^^ ; - / ^ 

~ ; : ;>^' \, ^^i.; . , ; XP^onucIear Leukpcyt^fe (5Bj- ' \' V . \ 

; ^ • ' vS>. f . :. : .MA-i47 The Zone-Forming Furigi Ekperiment: (J{ecl* ;i ,^ .'V 

: V • . ' : ■ 7 MA-i6t tl^ KiIIijFi%Hai^t^ Qriegtatipiil&t^ri^ 1, 2^ 2/1, i ■ 

• ^ V V.2^'r2C^ 2P;;.AppVA,^ij^s:vi - ; .. .'.V--. 

. ; . ■ ' ^ microbes nnricrokopic-org^^^ ■ ■['■ 

'^■'r . ; ^rebes^ap^^ Uiv5A, SB; Xppr A,' - ' " : 
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mitogen a nonspecific substance (like ft. plant seed)' that Causes lymphocytes r. 

to prociuce anybodies. (Scow^j^) ; \; :■ . : : : 

mutatk>n^a:<:tiahge in the DNA **code/' usually caused by a cosmic ray 

gassing thipugh the nucleus of a cell, that controls deyelopitient. The ' 

developed orgfeism, a mutants differs'from othersjj^^^ 
^ btoliths th^ three sinall calcium ;*ears|ones" iii thei vestibufir organ of t^^^ 

ewt, {Sec^. 2, 2 A, 2C) See vestibula. r . ' '^'^^ 

imrVdish a shallow dish Of glass or pU^tic used .to hold i£'culture mediu)fn. 
, |(^cs;'|iV. 3B;Figs. 3.^^^^ v ' - 

{jij^tchilefi^ an ii|[strument that uses^ electrical voltage to measure theintensity 
. ^(brightnessy'pi^l^h^ - '- 'iV - / 

PMN*|^kocyte^poljworpho«uclear celis.-iftiS^^tn^^^ active type of whitc;5 

blood'cells. (Sees. 1, 6/1; App. A. no. 17) • ^ 

Prini^jlpal Investigatorthe individual responsible foo* a space.^xjpen^ 

for Importing the results. ' , . , - 

,<|U9ntitation a number that bc:st represents the statistical results of biological 

measurements Involving many individuals. (Sec. 5/1; Figs. 5.2 to 5,4>' 
Vadioactive tracer a cJhemical compound containing radioactive isotopes of 

an element which cart be followed through complex biological processes by 

counting the radioa/tjve disintegrations of the , isotope .; (Sw * 
saliva the liquid in the })i(mari mouth secreted by glands back of the lo\yer 

mdJars. It contains water, digestive chernicals^ and lymphocytes. (Sees: 
- ■ 5A, 5B) •, J'-':-:^' :' 

Sky lab a very large space/workshop thai- NASA put into orbit on May 14. 
^ I973^jt ;^as visited by three astronaufc:'ctews>vho worked on scientific 

^exp^iimery^sjn space for a total of 172 days - (Sees. 2. 2A. 6B) 
spore a ^iriall seed-germ Jthat can grow into a microbe or a plant such as a fern . 
- Sp^^^'of Streptomyceis^^^l^^^ were observed in Experiment MA- 147*, 

(Sees. 3A. 38; App. A. nos. 5. 7; Figs. 3.4. 3.5) . 
Staphylococtus aureus a^type of bacteria generally found in the nose and on 
' the skin of humans. (Sec. 5B) 

static coliumn the motionless Kqtiid containing ateample.mi^ of cells to be 
sep^ted by electrophoresis?^Se;Cs. 1 . 4,^ 4A to 4Cv4E; App: A. nos. 8 to 
!0; figs. 4./. 4.3 to 4.5) ^ . V . ^ 

sterilHe to kill all (or ahnost all) microbes in ar)dt)n anobject. usually by high 

^emperature or fumigatiqn^with poisonous cherhieajs. (iSecs. 5. 5B; '^App. 
no. 13) ■: ',: 

St^tomyces Uvoris ^ funguslike microorganism used in the MA- 147 Exper- 
•^htent; (Secs.'3.i/1. 3B; App. A!; nos. 5 to 7; Figs! 3.1. 3.2. 3.4. 3.5.) 

^^^^;ab>a wad of cotton used in the AR-002 Experiment to collect microbes from 
crewViembers' hair. skin. ears. nose, and throats and from surfaces in the 

.^^space^raft. (Sees. 5/ir5B; Fjgs. 5. 1 to 5.3) 

















■' ' '• 



• , ■ '* * . ycstlbulath6:0(i^^inthe^rf^ • 

* . v ; weightlessness |tt)e coadUion of fgee or zero'-*|, in whiA object^ In i - I 

: ; * , . sp^ecraftjje weigj^tless, (S^^ ^ 

xejx)-g the cotiidition of free-fall a^^ 



» oriobj^^liifespacecr^.th^^^ 








« 



9. ■- >^ 
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Further Rieadiiig 

liThisyoii't 6ay?-The Biorhythm Bible by beorge Thommen, Avon Press 
.(New York), 1976— how mathematical applications arc used to describe the 
biological and sociological schenie of things; W 
. Living in Space hy i^ V.^ Sharp, Doubleday & Co , Iric, (New York), 1969— 
a.well-illusjti'ated survey of s^ace biology, that describes weightlessness, 




9l 



■■-V. 



. .*M.J. WWtfciiinJ nmm WfVtl MT? 0"2»3.575 . 
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